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Leisure-time activities of patients with ICDs: findings of a
survey with respect to sports activity, high altitude stays, and
driving patterns
Abstract
BACKGROUND: Physicians who are caring for patients with implantable cardioverter-defibrillators
(ICDs) are regularly confronted with questions concerning daily activities. This study evaluates the
habits of ICD patients with respect to sports activities, stays at high-altitude, and driving patterns.
METHODS: A survey was performed in 387 patients with ICDs who were followed at two hospitals in
Switzerland. The special-designed questionnaire addressed lifestyle practices concerning sports activity,
high-altitude visits, and driving motor vehicles. RESULTS: Fifty-nine percent of ICD patients
participated in some kind of sports activity; an ICD shock was experienced in 14% of these patients.
Fifty-six percent of the patients reported a stay at high altitudes at least 2,000 m above the sea level;
11% of them stayed regularly above 2,500 m; 4% of these patients experienced an ICD shock during
high altitude stay. Seventy-nine percent of the patients drove a motor vehicle; 2% of them experienced
an ICD shock during driving, but none of them reported loss of consciousness or a traffic accident.
CONCLUSION: It is accepted that ICD patients disqualify for competitive sports. However, the patients
may be encouraged to continue leisure-time physical activities at low-to-moderate intensity. Staying at
high altitudes and driving motor vehicles are very rarely associated with ICD shocks. Therefore, these
activities that are likely to contribute to a better quality of life should not be discouraged in most ICD
recipients in the absence of other medical reasons. Results: Fifty.nine percent of ICD patients
participated in some kind of sports activity. an ICD shock was experienced in 14% of this patients.
Fifty-six percent of the patients reported a stay at high altitudes at least 2,000m above the sea level; 11%
of them stayed regulary above 2,500m; 4% of these patients experienced an ICD shock during high
altitude stay. Seventy-nine percent of the patients drove a motor vehicle; 2% of them experienced an
ICD shock during driving, but none of them reported loss of consciousness or a traffic accident.
Conclusion: It is accepted that ICD patients disqualify for competetitve sports. However, the patients
may be encouraged to continue leisure-time physical activities at low-to-moderate intensity. Staying at
high altitudes and driving motoer vehicles are very rarely associated with ICD shocks. Therefore, these
activities that are likely to contribute to a better quality of life should not be discouraged in most ICD
recipients in the absence of other medical reasons.
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Abstract 
Background: Physicians who are caring patients with ICDs are regularly confronted with 
questions concerning daily activities. This study evaluates the habits of ICD-patients with 
respect to sports activities, stays at high-altitude and driving patterns. 
Methods: A survey was performed in 387 patients with ICDs who were followed at two 5 
hospitals in Switzerland. The special-designed questionnaire addressed lifestyle practices 
concerning sports activity, high-altitude visits and driving motor vehicles. 
Results: 59% of ICD-patients participated in some kind of sports activity; an ICD-shock was 
experienced in 14% of these patients.  56% of the patients reported a stay at high-altitudes at 
least 2000m above sea level; 11% of them stayed regularly above 2500m; 4% of these 10 
patients experienced an ICD-shock during high altitude stay. 79% of the patients drove a 
motor vehicle; 2% of experienced an ICD-shock during driving, but none of them reported 
loss of consciousness or a traffic accident. 
Conclusion: It is accepted that ICD-patients disqualify for competitive sports. However, the 
patients should be encouraged to continue leisure-time physical activities at low to moderate 15 
intensity. Staying at high altitudes and driving motor vehicles are very rarely associated with 
ICD shocks. Therefore, these activities that are likely to contribute to a better quality-of-life 
should not be discouraged in ICD recipients in the absence of other medical reasons. 
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INTRODUCTION 
The use of implantable cardioverter-defibrillators (ICDs) is established for both primary and 
secondary prophylaxis of sudden cardiac death in patients with a wide variety of cardiac 
pathologies. There is substantial evidence that patients with ICDs experience psychological 
distress and the treating physicians are regularly confronted with questions concerning 5 
possible limitations of lifestyle [1-5]. Effects of exercise training in patients with ICDs have 
been studied and recommendations on sports participation on ICD-patients published 
previously [6-8]. However, there is limited information about the actual sporting lifestyle of 
patients with ICDs [9]. Another question frequently posed by ICD-patients is whether they 
may stay in the mountains. Patients with stable ischemic left ventricular dysfunction have a 10 
good tolerance while walking at high-altitude [10,11]. However, little is known about the 
behavior of ICD-patients during high-altitude stays. Driving patterns after ICD implantation 
has been characterized in various studies [12-17]. Fatal accidents or ICD-discharges while 
driving are rarely reported in ICD-patients. 
 15 
This study using a specially-designed questionnaire aims to evaluate the leisure-time activities 
of ICD-patients with respect to sports activity, stays at high-altitude and driving motor 
vehicles. 
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METHODS 
 
Study Design 
A survey was performed in 387 patients of a random sample 612  patients  with ICDs who 
were followed for their ICD at the University Hospital Zurich and the Cantonal Hospital 5 
Luzern. The specially-designed questionnaire anonymously addressing lifestyle practices 
concerning sport, high-altitude visits and motor driving (Table 1). 276 surveys were returned, 
giving a response rate of 71.3%.  
 
  10 
RESULTS 
The mean age of the 276 patients (81% male) who provided information was 65 years (range 
25 - 86). They were ICD-carriers for 65±40 months, which represent 1445 patient-years (Fig. 
1). 123 (46%) of the patients had had a generator replacement in the past. 147 (53%) had 
experienced ICD-shocks at some time. 15 
 
ICD and Sports 
Prior to ICD-implantation 31% of the patients did not participate in any sports activity, and 
after ICD-implantation 41% were not active in any sport (Fig. 2 and Fig. 3). 31% of all 
patients reported a reduced sports activity following and due to the ICD, 20% felt limited in 20 
their sports activities due to the ICD and 64% felt physically weakened due to their heart 
disease (Table 1). The most popular sports activity among the ICD-patients was cycling, 
followed by hiking and nordic walking (Fig. 4). 27 of the 161 patients (17%) who regularly 
performed sports after ICD-implantation experienced an ICD-shock during sports activity 
(Table 2). They were ICD-carriers for a median of 61±40 months, which represents 809 25 
patient-years. The calculated probability during sports activity was one ICD-shock for every 
 5
30 patient-years of follow-up, yielding an annual 3.3 percent probability of an ICD-shock 
during sports.  
 
ICD and High Altitude 
31% of the patients stayed regularly (more than once per year) at altitudes higher than 2000m 5 
and 11% at altitudes higher than 2500m (Table 3). 56% of the patients reported having stayed 
at altitudes above 2000m since receiving their ICD (Fig. 5). 4% of the patients experienced an 
ICD-shock during a stay at high-altitude (mean altitude 1760, range 1000-2500m). 
 
ICD and Driving 10 
85% of the patients drove a motor vehicle before ICD-implantation and 79% continued to 
drive after ICD-implantation. 5 of the 219 drivers (2%) experienced an ICD-shock during 
driving, but none lost consciousness or caused a traffic accident (Table 4). The drivers were 
ICD-carriers for a median of 64±40 months, which represents 1157 patient-years. The  
probability of one ICD-shock was for every 231 patient-years of follow-up, yielding an 15 
annual 0.4 percent probability of an ICD-shock during driving. 
 
DISCUSSION 
This study using a specially-designed questionnaire investigated lifestyle activities of the 
ICD-population in  two differing hospital settings in Switzerland. 20 
 
ICD and sports 
The underlying pathological conditions that lead to ICD-implantation usually impose 
limitations on the level of sports activity [7]. The linkage between sudden cardiac death and 
intense exertion in trained athletes with underlying cardiovascular disease is well known [18-25 
20]. Diseases such as hypertrophic cardiomyopathy and arrhythmogenic right ventricular 
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dysplasia/cardiomyopathy are particularly associated with sudden cardiac death during 
intensive exercise. Therefore, there are concerns that physical activity might trigger 
ventricular tachyarrhythmias or cause the device to fire inappropriately if high ventricular 
rates are achieved during sinus tachycardia. In this study, 59% of the ICD-patients 
participated in some kind of sports activity. In our population, 64% of the patients felt 5 
physically weakened due to their heart disease and only 20% felt restricted in sports activities 
due to their ICD. The most important clinical concern in ICD-patients performing sports is the 
delivery of shocks. In a survey of Heart Rhythm Society members, ICD-shocks were reported 
in 40% of patients [9]; in our population 17% of the patients reported ICD-shocks during 
sports and most occurred during biking and skiing.  10 
 
It is commonly acknowledged that ICD-patients disqualify for competitive sports. However, 
the patients should be assured that they may continue leisure-time physical activities 
beginning at low intensities and increase accordingly at the advice of the caring physician, 
since this may contribute to increased physical and psychological well-being [8].  15 
 
ICD and High Altitude 
In patients with stable ischemic left ventricular dysfunction a good tolerance while walking at 
high altitudes with a moderate decrease in work capacity which was greater than in normal 
subjects has been shown[11]. Exercise-induced flow reserve is maintained in healthy 20 
volunteers during high-altitude exposure, whereas it is significantly decreased in CAD 
patients, even at moderate altitude[21]. It is a frequent concern of ICD-patients whether they 
may go up into the mountains. But there is limited data about arrhythmias during high altitude 
exposure. In a study on effects of exposure to altitude on men with coronary artery disease 
and impaired left ventricular function no increase in arrhythmias has been observed at rest or 25 
during exercise [10]. 56% of the patients in the present study reported a high-altitude stay 
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above 2000m since having received their ICD but only 4% experienced an ICD-shock during 
the stay. 11% of the patients even regularly stayed above 2500m. The reported stays were 
likely predominantly short (a few hours or days), and the patients were not acclimatized to 
high-altitude. These findings should help to reassure the patients that having an ICD does not 
disqualify them from going up into the mountains. However, since our findings are only 5 
observational, we cannot conclude that high-altitude stays do not trigger malignant 
arrhythmias and subsequent ICD-therapy. 
 
Another concern about ICD and high altitude exposure may be whether hypoxemia may 
influence stimulation and defibrillation thresholds. It has been shown in pacemaker patients, 10 
that exposure to an altitude of 4,000 m above sea level with resultant hypobaric hypoxemia 
has no impact on ventricular stimulation thresholds[22]. However it is not known how 
defibrillation threshold is influenced by hypoxemia in high altitude. 
 
ICD and Driving 15 
Most patients continue to drive after ICD-implantation; in the present study 85% and 79% of 
the patients drove a motor vehicle before and after ICD-implantation, respectively. A minority 
of patients reported some kind of arrhythmic symptoms such as heart beating (14%), vertigo 
(7%) and nausea (4%) whilst driving, but only 2% experienced an ICD-shock. Since no 
patient reported loss of consciousness and no traffic accident due to ICD-shocks occurred, 20 
car-driving by ICD-patients should not necessarily translate into an important rate of traffic 
accidents. Our query was anonymous and thus it is unlikely that patients may have been less 
likely to report that a shock occurred while driving for fear that driving privileges would be 
curtailed, which could lead to an underestimation of the risk during driving as considered 
previously [16]. We estimate a probability of one ICD-shock during driving for every 276 25 
patient-years of follow-up. Akiyama et al. investigated driving habits and experiences from 
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the large population of patients with ventricular tachyarrhythmias who were enrolled in the 
Antiarrhythmics versus Implantable Defibrillators (AVID) trial [17]. They found a probability 
of one traffic-accident for every 29 patient-years of follow-up. Furthermore, they reported no 
difference between the frequency of motor vehicle accidents amongst the patients who had 
been assigned to receive antiarrhythmic-drug therapy and that amongst the patients assigned 5 
to receive an implantable cardioverter–defibrillator. None of the accidents were preceded by 
the driver’s receipt of a shock from an ICD, corresponding to our findings that none of the 
patients (2%) who experienced an ICD-shock during driving lost consciousness or provoked a 
traffic accident. 
In the TOVA (Triggers of Ventricular Arrhythmias) study data on driving habits and ICD 10 
discharges in 1,188 patients were analyzed. In that study the risk for one ICD shock for 
ventricular tachycardia or ventricular fibrillation within 1 hour of driving was around 1 
episode per 25,116 person-hours spent driving[16]. Among 7 patients who received an ICD 
shock for ventricular tachycardia or ventricular fibrillation during driving, only 1 resulted in a 
motor vehicle accident. 15 
 
Conclusion 
This study provides some information that an implantation of an ICD per se should not lead to 
an impaired quality of life and an enforced restriction of leisure-time activities. Treating 
physicians may assure ICD-patients to continue sports with a low to moderate activity and 20 
that the ICD does not prevent them from going up into the mountains. Further, our findings 
support that ICD shocks are very rarely reported during motor-vehicle driving and long-term 
prohibition of driving cannot be justified in ICD recipients in the absence of other medical 
reasons. 
 25 
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Legend: 
 
Figure 1: Distribution of patients according to time from ICD-implantation 
 
Figure 2:  Frequency of sporting activity before ICD-implantation 5 
 
Figure 3: Frequency of sporting activity after ICD-implantation 
 
Figure 4: Distribution of sporting activities of the study patients 
 10 
Figure 5: High-altitude stays of study patients 
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Table 1: Questionnaire used in the study 
 
General questions 
Age 
For how long are you an ICD carrier? 5 
Did you ever have a ICD battery change? 
Have you ecer experienced an ICD-shock? 
 
Sports 
How often have you performed sports before ICD-implantation? 10 
• No sports 
• 1-2x per month 
• 1-2x per week 
• 3-6x per week 
• daily 15 
How often have you performed sports after ICD-implantation? 
• No sports 
• 1-2x per month 
• 1-2x per week 
• 3-6x per week 20 
• daily 
What kind of sports have you performed since you are ICD carrier? 
• Jogging 
• Cycling 
• Skiing 25 
• Swimming 
• gymnastics 
• Soccer 
• Tennis 
• Hiking 30 
Have restricted your athletic activities because of the ICD? 
• Yes 
• No 
Have you ever experienced an ICD-shock during exercise? 
• Yes 35 
• No 
If so at what sport? 
 
Do you feel disabled in your sporty activity by the ICD? 
• Yes 40 
• No 
Do you feel restricted in your capacity by your heart disease? 
 
High altitude stays 
Have you ever experienced an ICD-shock during a high-altitude stay in the mountains? 45 
• Yes 
• No 
What was your highest altitude stay since you are an ICD carrier? 
Do you regularly stay in altitudes higher than 2000 m? 
• Yes 50 
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• no 
Do you regularly stay in altitudes higher than 2000 m? 
• Yes 
• no 
Do you regularly stay in altitudes higher than 2500 m? 5 
• Yes 
• no 
 
Motor vehicles 
Did you drive a motor vehicle before ICD-implantation? 10 
Did you drive a motor vehicle after ICD-implantation? 
Did you experience a rhythm disturbance, while you were driving? 
• Yes 
• No 
Did you feel following symptoms while you were driving? 15 
• Palpitations (yes/no) 
• Nausea (yes/no) 
• Vertigo (yes/no) 
• Loss of consciousness (yes/no) 
Did you experience an ICD-shock, while you were driving? 20 
• Yes 
• No 
o If so, did you loose consciousness 
 Yes 
 No 25 
o Consecutively, did a traffic accident occur?  
 Yes 
 No 
 
 15
Table 2: Questions about ICD and sports 
 
 yes no missing 
answer 
Did you reduce your sports activities on 
grounds of your ICD? 
85 (31%) 175 (63%) 12 (4%) 
Do you feel disabled in sports activities due to 
your ICD? 
54 (20%) 194 (70%) 28 (10%) 
Do you feel physically impaired due to your 
heart disease? 
177 (64%) 90 (33%) 9 (3%) 
Did you experience an ICD-shock during 
sports? 
39 (14%) 227 (82%) 10 (3%) 
 
 
 5 
Table 2: Reported sports activities during ICD-shocks 
 
Biking   13 (33%) 
Skiing    7 (18%) 
Hiking/jogging 5 (13%) 10 
Soccer   3 (8%) 
Tennis   3 (8%) 
Various   8 (21%) 
 
 15 
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Table 3: ICD and high-altitude 
  
 yes no Missing 
answer 
Did you experience an ICD-shock during a stay at 
high-altitude? 
12 (4%) 261 (95%) 2 (1%) 
Do you regularly (more than once per year) stay at 
altitudes higher than 2000m 
86 (31%) 185 (67%) 6 (2%) 
Do you regularly (more than once per year) stay at 
altitudes higher than 2500m 
29 (11%) 241 (87%) 6 (2%) 
 17
 
 
 
 
 18
Table 4: Motor vehicle driving before and after ICD-implantation 
 
 
 
 Yes No Missing answer 
Did you drive a motor vehicle before ICD-implantation? 234 (85%) 35 (13%) 7 (3%) 
Did you drive a motor vehicle after ICD-implantation? 219 (79%) 50 (185) 7 (3%) 
Did you feel heart beating while driving? 31 (14%) 188 (86%) 0 
Did you feel nausea while driving? 9 (4%) 210 (96%) 0 
Did you feel vertigo while driving? 16 (7%) 203 (93%) 0 
Did you experience loss of consciousness while driving? 0 219 (100%) 0 
Did you experience an ICD-shock while driving? 5 (2%) 214 (98%) 0 
 If yes, did a car accident occur? 0 5 (100%) 0 
 5 
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